Background/aims: Few studies have validated the performance of guidelines for the prediction of choledocholithiasis (CL). Our objective was to prospectively assess the accuracy of the American Society for Gastrointestinal Endoscopy (ASGE) guidelines for the identification of CL.
INTRODUCTION
Common bile duct (CBD) stones are a frequent complication in symptomatic cholelithiasis (5-10%) (1, 2) and biliary pancreatitis (18-33%) (3) (4) (5) . Endoscopic retrograde cholangiopancreatography (ERCP) is considered as the gold standard for diagnosis and treatment of choledocholithiasis (CL). However, it carries a considerable risk of short-term complications such as post-ERCP pancreatitis, post-endoscopic sphincterotomy bleeding, cholangitis and perforation (6) . It has been previously stated that the cost-effectiveness is favorable only when performing ERCP in patients with a high likelihood of CL (7) . In order to predict the likelihood of a persistent CBD stone in patients with suspected CL, the American Society for Gastrointestinal Endoscopy (ASGE) published guidelines in 2010 for the prediction of CL with the objective of identifying patients with the highest probability of benefiting from ERCP (8) . They classified patients into three risk categories based on the presence of clinical, radiological and biochemical predictors. Patients with high probability of CL (defined as > 50% likelihood) were those with one of the following very strong predictors: CBD stone on transabdominal ultrasound (US), clinical ascending cholangitis or bilirubin > 4 mg/dL, or those with both of the following strong predictors: dilated CBD on US (> 6 mm with gallbladder in situ) and bilirubin level between 1.8-4.0 mg/dL; patients with intermediate probability of CL (10-50% likelihood) were those with the presence of only one strong predictor or any moderate predictor (abnormal liver test, age older than 55 years or gallstone pancreatitis); and low probability of CL (< 10% likelihood) those with no predictors present.
Recently, there has been some evidence from retrospective studies of the lack of accuracy of the ASGE guidelines for predicting choledocholithiasis (9) . However, the performance of this risk score has not been prospectively validated. The aim of this prospective study was: a) to assess the performance of the existing guidelines on predicting CL in high-and intermediate-probability patients; and b) to Narváez-Rivera RM, González-González JA, Monreal-Robles R, García-Compean D, Paz-Delgadillo J, Garza-Galindo AA, Maldonado-Garza HJ. Accuracy of ASGE criteria for the prediction of choledocholithiasis. Rev Esp Enferm Dig 2016;108: 309-314. evaluate the strength of association between single clinical and laboratory predictors and documented CL.
PATIENTS AND METHODS
Approval was obtained from the research and ethics committee of the School of Medicine and Hospital Universitario "Dr. José E. González" of the Universidad Autónoma de Nuevo León. Informed consent was obtained from all participants. The study was performed in compliance with the Declaration of Helsinki for biomedical research.
We prospectively evaluated all patients admitted to our University Hospital with suspected CL that met ASGE high-and intermediate-probability criteria over a 2-year period, from March 1, 2012, to February 28, 2014. Suspected CL was considered when patients presented with upper abdominal pain and clinical manifestations (such as fever, jaundice), cholestatic pattern of liver injury, CBD dilatation (> 6 mm) or CBD stone visualization on transabdominal US.
Study subjects were identified at admission by the gastroenterology residents based on the assessment of clinical, radiological and biochemical variables. Patients were excluded if any of the following conditions that might work as confounding factors were present: history of cholecystectomy (CBD diameter can be changed after cholecystectomy), biliary tract lesion, chronic liver disease (because basal function liver test may be altered) and previous ERCP sphincterotomy. We excluded patients classified by ASGE criteria as "low-probability" because their risk for CL is minimal (< 1%) and no further imaging or endoscopic study is indicated (10) .
Patients were classified into high-or intermediate-probability groups for CL according to ASGE guidelines based on initial biochemical liver tests, clinical suspicion of cholangitis, and transabdominal US variables (8) . The high-probability group were subjects with the presence of any very strong predictor (CBD stone on abdominal US or clinical ascending cholangitis or bilirubin > 4 mg/dL) or both strong predictors (bilirubin level 1.8-4 mg/dL + CBD on US > 6 mm). The intermediate-probability group was all other patients with the presence of only one strong predictor or any moderate predictor (abnormal liver test, age older than 55 years or gallstone pancreatitis). ERCP (the gold standard for diagnosis and treatment of CL) was performed on all patients in the study by two experienced endoscopists who performed around 250 ERCPs annually (endoscopists knew the ASGE probability of CL in each case). We considered an ERCP as positive when a filling defect was observed on cholangiogram or stones/sludge were photographed within the duodenal lumen after extraction.
Statistical analysis
Baseline characteristics of patients with and without CL as well as in those with and without biliary pancreatitis were compared with the use of Student's t-test or U Mann-Whitney depending on the distribution of continuous variables as appropriate, and Fisher's exact test for categorical variables. We calculated the sensitivity, specificity, positive and negative predictive values, accuracy, and positive and negative likelihood ratios of the ASGE classification on admission as well as the performance of individual predictors. Univariate and multivariate analysis with odds ratio (OR) and 95% confident interval (CI) were performed for all clinical predictors. The SPSS statistical software package (Version 20.0) was used for statistical analysis.
RESULTS
From March 1 2012 to February 28 2014, 422 patients with suspected CL were assessed for eligibility ( Fig. 1 ). After 166 patients were excluded, 256 eligible patients with intermediate-or high-probability for CL were included. The cohort mean age was 45.0 years (± 21.2); 193 (75.4%) were female patients. General characteristics, ultrasonography and biochemical variables among subjects with and without CL are shown in table I. No significant difference was found in the ERCP delay time between the group of patients with and without CL (p = 0.638).
A subset of 208 patients met ASGE high probability-criteria on admission. Of these, 124 (59.6%) had CBD a stone/sludge on ERCP. Of the 48 patients that met ASGE intermediate-probability criteria on admission, 21 (43.8%) had CBD a stone/sludge on ERCP. The performance of ASGE high-and intermediate-probability criteria for CL in our population had an accuracy of 59.0% (85.5% sensitivity, 24.3% specificity) and 41.0% (14.4% sensitivity, 75.6% specificity), respectively. There was no statistically significant difference in the rate of CL detection between ASGE high-and intermediate-probability groups (p = 0.053).
Performance of individual ASGE predictors
Among the ASGE "very strong predictors" of CL, CBD stone on transabdominal US and clinical ascending cholangitis were the predictors with a statistical significance between subjects with and without CL on ERCP. Among "strong predictors", only CBD size > 6 mm showed a statistical significance between groups (Table II) . We also assessed the diagnostic performance of individual predictors for CL in both high-and intermediate-probability groups (Table III) . titis had an accuracy of 47.5% (86.2% sensitivity, 25.5% specificity) and 52.5% (13.8% sensitivity, 74.5% specificity), respectively. The comparisons of several variables in patients with and without biliary pancreatitis showed only statistical significance in CBD size (mm), 8.58 (± 3.2) vs. 9.9 (± 4.7), p = 0.044; white blood cell count (K/µL), 13.0 (± 5.3) vs. 10.1 (± 4.9), p < 0.001; and alkaline phosphatase levels (UI/L), 267.9 (± 169.3) vs. 313.7 (± 198.9), p = 0.046, respectively. The ERCP delay time between the group of patients with biliary pancreatitis (6.0 ± 4.01) and without pancreatitis (6.4 ± 3.48) was no significantly different, p = 0.540. 
Significance of biliary pancreatitis

Logistic regression model
Multivariable logistic regression analysis showed that a CBD > 6 mm (OR 2.21; 95% CI, 1.20-4.10; p = 0.011), the presence of ascending cholangitis (OR 2.37; 95% CI, 1.01-5.55; p = 0.046), CBD stone visualized on transabdominal US (OR 3.33; 95% CI, 1.48-7.52; p = 0.004) and the absence of biliary pancreatitis (OR 3.23; 95% CI, 1.81-5.77; p < 0.001) were independently associated with the presence of a stone on ERCP. The occurrence of biliary pancreatitis was a strong protective factor for the presence of a retained CBD stone (OR 0.30; 95% CI, 0.17-0.55; p < 0.001). No additional clinical pre-dictors of CL were identified. When the white blood cell count was introduced in the multivariate logistic regression model, it was not independently associated with the presence of CL on ERCP. However, the white blood cell count was the only studied variable independently associated with the presence of biliary pancreatitis (OR 1.13; 95% CI, 1.06-1.20; p < 0.001).
ERCP-related complications
During the study period, ERCP-related complications were recorded in 11 out of 256 cases (4.3%); we recorded the occurrence of clinically significant post-endoscopic sphincterotomy bleeding (requiring red blood cell transfusion and endoscopic therapy) in only one case and 10 cases of post-ERCP pancreatitis.
DISCUSSION
ASGE guidelines for the prediction of suspected CL lack accuracy. The overall performance for the prediction of CL in our population with high probability was low, 59.0% (85.5% sensitivity, 24.3% specificity). This led to the performance of a significant percentage (> 40%) of unnecessary ERCP procedures. A recent study had similar results, with an accuracy for the ASGE high risk group of 62.1% (47.4% sensitivity, 73% specificity). They evaluated the impact of a second laboratory set, however, it did not increase the performance of ASGE guidelines for CL (9) .
Recently, it has been reported that the presence of one very strong criterion or both strong criteria is related to an increased yield of CL (10) . In our study, the presence of one very strong predictor or the presence of both strong predictors did not increase the odds ratio for CL in the multivariate analysis. However, in any case the need of noninvasive testing could not be obviated. In general, the usefulness of individual predictors did not increase the diagnostic performance in our population.
Our study, as the one previously reported by Rubin et al. (11) , confirms that the ocurrence of biliary pancreatitis is not associated with the presence of a retained CBD stone. The absence of biliary pancreatitis in our study was a major predictor for CL (OR 3.23, 95% CI, 1.81-5.77). This supports the hypothesis that spontaneous biliary stone passage through the CBD to the duodenum occurs due to possible small biliary stone size in the subset of patients with biliary pancreatitis.
With the exception of critically ill patients with suspected ascending cholangitis, the usefulness of performing ERCP early in the course of biliary pancreatitis is controversial (12, 13) . In this respect, ERCP delay until biliary pancreatitis resolution may be a common practice. This may be a factor that allows the spontaneous biliary stone passage, being biliary pancreatitis probably a negative predictive factor for CL. However, we have demonstrated that ERCP delay time was not different from those with and without biliary pancreatitis, p = 0.540. Our results strongly support the fact that biliary pancreatitis itself may be a protective factor for CL independently of ERCP delay time.
This fact has raised the interest in endoscopic ultrasonography (EUS) as a safe replacement for ERCP in subjects with biliary pancreatitis. First, because it has been demostrated that early EUS has a higher successful examination rate (100 vs. 86%) and a lower morbidity (7% vs. 14%) compared with ERCP (14) . In addition, EUS has demonstrated an excellent performance for the detection of small size (median of 4 mm) CBD stones (15) , which may be useful in the context of biliary pancreatitis where we showed the risk of CL was significantly lower (36.2%) than without pancreatitis (65.9%) (OR 0.30; 95% CI, 0.17-0.55, p < 0.001).
Due to the morbidity and costs associated with ERCP, it should be limited to those who are most likely to benefit from it. Based on our results, predictive scores have a limited clinical utility for most patients in day-to-day practice. Due to the lack of identification of patients with CL by the current clinical predictive scores, we suggest that all patients with suspected CL (high-or intermediate-probability groups) without a clear indication for ERCP (ascending cholangitis) must have a CL confirmatory image study (magnetic resonance cholangiopancreatography [MRCP] or EUS) before a therapeutic procedure is attempted. Even though 2010 ASGE guidelines already recommended pre-operative EUS or MRCP for those classified as intermediate probability, no formal evidence supporting this recommendation in the ASGE intermediate-or high-probability groups exists.
Prior randomized controlled trials have suggested that intra-operative CBD exploration during cholecystectomy is superior to the two-step pre-or post-cholecystectomy ERCP in terms of CBD stone resolution without additional morbidity or mortality (16) . Others have proposed this same approach specifically in the subset of patients with intermediate risk, with a reported shorter length of stay without increased morbidity (17) . However, to consider this approach as a definitive recommendation, well designed prospective clinical trials are needed.
Both EUS and MRCP have a high diagnostic accuracy for the detection of CBD stones (18) . This strategy can reduce the risk of unnecessary procedures, eliminate complications and may decrease cost. Therefore, we suggest that patients with an EUS or MRCP positive for CL should undergo endoscopic or surgical extraction of CBD stones, and those with negative EUS or MRCP do not need further invasive tests. However, to evaluate the cost-effectiveness of this approach, CL prevalence, center resources and expertise should be considered.
In summary, current ASGE guidelines in our population for the predition of CL lack accuracy, with unnecessary perfomance of negative ERCP in almost half of cases. The optimal cost-effective approach for the management of patients with suspected CL is not known yet. The use of confirmatory imaging studies (MRCP or EUS) in all cases with high and intermediate probability for CL before a therapeutic procedure may be an attractive option to be considered.
